with the System OIli 3000 analyser. The method requires 50 ,.,.1 of sample and has the advantages of speed and precision. Although the procedure is linear for only a few minutes, the computer is programmed to find the true initial reaction rate portion of the absorbance versus time curve. The standard sample is analysed simultaneously with serum samples, and a conversion factor based on the comparison with a titrimetric method is used. SUMMARY A turbidimetric procedure for the determination of serum lipase activity has been adapted for use on a System OUi 3000 analyser. In this automated procedure 50 ,.,.1 of serum and standard sample, and a buffer solution, are pipetted into disposable cuvettes in the measurement block. The block is then preincubated for 15 minutes at 37°C, and after simultaneous addition of the olive oil emulsion, the absorbances of the cuvettes are recorded simultaneously for two minutes at
405 nm. Using the program 'block standards' for the calibration of the method the results are ready in graphic form and expressed as VII within about five minutes of the addition of the olive oil. A total of 60 patient sera can be analysed in half an hour.
The method is linear up to at least 1000 VII, and the reference values are between 11 and 140 VII. A comparison of the method with the modification of the Cherry-Crandall titrimetric method gives a value of 0·87 for the correlation coefficient and the regression equation y = 0'97x + 12 (n = 191).
Within-run precision (CV) for sera with mean enzyme activities of 149 and 354 V/l was found to be 4·2 % and 3·4 %, respectively (n = 20), and day-to-day precision 5·0 % (mean activity = 339 VII, n = 18).
The clinical advantages of measuring serum lipase activity indiseasesof the pancreas have long been compromised by unsatisfactory determination methods. At least one, and usually several, of the following disadvantages can be found in these methods: nonspecificity of some substrates, difficulties in the preparation of a reproducible stable substrate emulsion, relatively large sample volumes, long incubation periods, the nonlinearity of the reaction with time, and relatively low precision. Furthermore, methods require calibration with a secondary enzyme or fatty acid standard, and it is difficult to adapt Material and methods many of them to automatic equipment. The simple titrimetric Cherry-Crandall (1932) method and its numerous modifications are most widely used for the REAGENTS measurement of serum lipase activity, although they All reagents were of reagent grade. incorporate almost every disadvantage mentioned 1. 1%olive oil solution. 50 ml of olive oil (Yliopiston above. More promising are direct optical methods, apteekki, Helsinki, Finland) was mixed with 10 g of which measure the rate of reaction with olive oil aluminium oxide for 60 min, allowed to settle and (Vogel and Zieve, 1963; Shihabi and Bishop, 1971;  filtered. 1 g of freshly purified olive oil was dissolved Burlina and Galzigna, 1973; Verduin et al., 1973;  in 100 ml of absolute ethanol. Feld et al., 1976) . These turbidimetric methods over-2. Buffer. 50 mmolfl Tris-HCl buffer, pH 9·1 (37°C), come many typical drawbacks but instead are containing 3·0 gil sodium deoxycholate (E. Merck complicated by the inadequacy of the substrate AG, Darmstadt, Germany), 0-07 mmol/l CaCOa and concentration; thus they are not linear with time 14'5 mmol/l boric acid. except during the first minutes of incubation (Shihabi 3. Substrate emulsion. 30 ml of 1 %olive oil solution and Bishop, 1971; Feld et al., 1976). was added slowly to 70 ml of the buffer while stirring We have adapted the turbidimetric method for use vigorously.
APPARATUS
A System alii 3000 analyser (Kone Oy, Instrument Division, Espoo, Finland) consisting of dispensers for the simultaneous pipetting of 24 samples and reagents, heated aluminium cuvette blocks, a temperature-eontrol unit, a vortex-type mixer, a graph printer, a photometer with 24 parallel light-paths (quartz-fibre optics) and temperature control, and a 16 K Nova 1200 computer (for detail see Adlercreutz et al., 1975; Puukka, 1978) . PROCEDURE 50 JLI of standard, control or serum sample and 1·0 ml of a buffer solution were pipetted into the disposable cuvettes in the measurement block. The solutions in the block were mixed and preincubated for 15 min at 37°C. After simultaneous addition of the substrate emulsion (125 JLI) the contents of the cuvettes in the block were mixed and the absorbances were simultaneously recorded at 405 nm. The first reading was made within 1 min and the results were read in graphic form and expressed as Ujl within about five minutes of the addition of substrate emulsion. A total of 60 patient sera could be analysed in half an hour.
CALIBRATION AND PROCESSING OF KINETIC ANALYSES BY COMPUTER
In the System alii 3000 analyser the processing of the data begins with a set of 24 absorbance readings collected from each of the 24 cuvettes within a twominute period and entered into the memory of the computer. The computer is programmed to search for the appropriate linear portion of the absorbance versus time curve. This is done by fitting the data to a series of polynomial models of increasing degree from 0 to 3. The residual variance, representing the 0'02 scatter of the data points about the model curve, is computed for each, and the best-fitting model is selected. The reaction rate is derived by differentiation of the selected model, taking the steepest slope within the measurement interval in more complex progress curves, for which models of high degree are necessary in order to fit the data. Reaction rate curves and catalytic concentration values (Ufl) obtained by multiplying the absorbance difference vs. time value (dAjmin) by the factor A (see below) are printed out by an on-line typewriter. In the lipase determination this factor was determined using the program 'block standards', in which two standards (zero and a block standard) in duplicate are analysed simultaneously with samples. The program calculates factors A and C from the results representing the ratio between the measured absorbance difference of a block standard and its concentration, and a zero reaction, respectively. The block standard used was pooled frozen human serum stored at -20°C; its lipase concentration was determined titrimetrically with the modified Cherry-Crandall procedure with a 3-hour incubation time (Tietz et al., 1959; Tietz and Fiereck, 1972) and the value obtained was given to the computer. The lipase activity of this pool was adjusted to about 450 Ujl. Monitrol II (Dade Division, American Hospital Supply Co, Miami, Fla, USA) was also found to be a suitable block standard. because it maximally enhanced the enzyme activity and the latter because it gave an optimal initial turbidity in the reaction mixture. In order to optimise conditions for pancreatic lipase, 9·1 was chosen as the pH of the reaction mixture (Vogel and Zieve, 1963; Shihabi and Bishop, 1971; Burlina and Galzigna, 1973) .
Results and discussion
The effect of enzyme concentration on the reaction rate was studied by determining lipase activity in progressive dilutions of four sera (Fig. 2) . The method was observed to be linear to 1000 VII and, with a few samples, even to 2000 VII (cf, serum D in Fig. 2) . In routine work, samples with a 'dAlmin value greater than 0·040 were diluted and rerun. Figure 3 shows the reaction rate curves for lipase in various dilutions of serum C exactly as plotted by a graph printer in the System Olli 3000 analyser. The calculated linear portion is marked by the printer with two plus ( +) signs. The kinetics of lipase action on an olive oil emulsion do not remain zero order for very long, but a comparison of the results in Fig. 2 with those in Fig. 3 indicates that the initial reaction rate is correctly calculated by the computer even for a sample with rather high lipase activity. Highly lipaemic samples were not difficult to analyse, because the combined turbidity of substrate (cf, Fig.  3 ) and sample did not normally exceed the range of linear response of the instrument.
In some sera, however, a slight nonlinear increase in the absorbance appeared during the first few minutes before the decrease showing enzyme activity started. According to Kreutzer et al. (1975) , this phenomenon is caused by the interaction between sodium deoxycholate and lipoproteins. Normally, rate measurements were made between the first and third minutes, but if the increase lasted more than three minutes it was possible to rerun the analysis using the longer measurement period (4, 6, 8 ... min). Because the computer chooses the steepest slope within the measurement period, a slight nonlinear increase does not disturb the processing of the results.
For serum samples with mean enzyme activities of 44, 149, and 354 VII, the within-run precision (CV) was found to be 13'2%,4'2%, and 3,4%, respectively (n = 20). The day-to-day precision for a mean activity of 339 VII was 5·0% (n = 18).
For method comparison studies, 29 blood samples with elevated lipase (over 200 VII determined by the titrimetric method) were collected and analysed using a modification of the Cherry-Crandall titrimetric method and the turbidimetric method described here. As shown in Fig. 4a , the relationship between the two methods was linear and the correlation coefficient (r = 0'98) was good. These determinations were performed at an early stage of this work, when the concentration of the block standard was twice as high as that used later. Methodological comparisons were subsequently repeated by analysing, with both methods, all the patient samples from which lipase measurements were requested during one month (n = 191). Rather large differences between many of the results (Fig.  4b) were evidently a consequence of the fact that most of the samples contained relatively low concentrations of lipase activity, at which level the precision of each method, especially that of the visual titration with thymolphthalein as an indicator, are rather poor. In addition, these titrimetric analyses were done in the routine work where one blank was used; only for an icteric serum was an individual blank set up.
The reference values were established by assaying 112 serum samples from presumably healthy adults, all laboratory personnel, and 62 serum samples from hospital patients whose laboratory values were Fig. 3 Reaction rate of lipase during two minutes in different concentrations of serum C (Fig. 2) Fig. 4(a) Correlation of turbidimetric method with titrimetric method for sera with lipase activities above 200 U/l (block standard = 820 Uf/); (b) Correlation of turbidimetric method with titrimetric method for patient samples from which lipase measurements were requested (block standard = 450 Uf/). The observed values showed a normal distribution (Fig.  5) , a finding that is not in agreement with those of others (Verduin et al., 1973; Feld et al., 1976) . However, Feld et al. (1976) studied the reference values in hospital patients whose SMA 12/60 profiles were normal. In our study slightly higher values were obtained for patients than for presumably healthy adults (Fig. 5 ).
The automated procedure described above has been used routinely in our laboratory for about six months. Our experience reinforces the conclusion drawn by others (Shihabi and Bishop, 1971; Verduin et al., 1973; Feld et al., 1976 ) that the turbidimetric lipase method overcomes many of the disadvantages of traditional titrimetric lipase methods and is faster and more convenient. This procedure can also be applied to the enzyme reaction rate analysers capable of calculating the true initial reaction rates, for instance, Abbott ABA-loo, Aminco Rotochem IIa, Beckman System TR, Coulter Kem-O-Mat, Gilford 3500, LKB 2086, Perkin-Elmer KA 150, Union Carbide Centrifichem System 400, and Vitatron AKES. The ability of the System OlIi 3000 analyser to dispense substrate emulsion simultaneously into 24 cuvettes containing serum and standard samples makes this instrument particularly suitable for these measurements.
